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naphthyridine target and 145 naphthyridine intermediates and miscellanecus
precursors have been prepared and submitted for biological testing.

The synthetic studies during the first year of our program was
concerned mainly with the formation of three classes of target structures:
2-alkoxy, 6-alkoxy, aad 2,6-dialkoxy-4-amino-1,5-nephthyridine. Signi-
ficant accomplishments included: new synthetic technigques for the
preparation of 6-alkoxy-4-am.no-~1,5-naphthyridines and for the introduction
of the pentaquine sidechain into alkoxy-1,5-naphthyridines.

The brunt of the second years program was the formationm of 2-methoxy-

4-amino-1,5-naphthyridine derivatives, isosteric to primaquire, pentaquize,
and pamaquin. In addition, both the 6-methyl (alkoxy) and the 8-methyl
functionalities were desired because of their kuown activity ephancement
in the related 8-amino quinolines. Accordingly, the requisite 6- and
8-substituted-2,4~dichloro~1,5-naphtiyridines were synthesized.

The terminsl phase of the nrfphthyridin: program ylelded
authentic 4-aminc-l-methyl-napkthyridin=2+ene declvatives and a 2-6-dialkoxy-
4-3aminio~1, 5enaphthyridine.

While antimalerial testing has not yet been completed, results
obtained for must of the target drugs submitted to WRAIR have disclosed
no significant prophylactic activity in the lower dosage range (1.0 and
5.0 mg/kg). However, one of the target structures, 2-bydroxy-4-(5-isopropyl-
aminopentylamino)~-1,5-naphthyridine, has now priven to be curative in the
Rhesus monkey infected with sporozoites of the R strain of P.cynomolgi
at a dosage level of 10.0 mg/kg. In the P.berghei/mouse, curative
screen to date, the targets showed only marginal activity and the sixty-
four varicusly substituted intermediates or precursors, no activity.
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I. SUMMARY

Interest in the 4-amino-1,5-naphthyridines as potential
prophylactis artimalarial agents has been generated by the structural
similarity of this ring system to both the 4~ and 8-aminoquinolines.

In our synthetic studies during this program, we sought to expand upon
the derivatives of 4-amino-1,5-naphthyridine which are currently available
in an effort £o secure an optimal prophylactic antimalarial drug.
Accordingly, as a result of our synthetic efforts, a total of 26
naphthyridine target and 145 naphthyridine intermediates and miscellanecus
precursors have been prepared and submitted for biological testing.

The synthetic studies during the first year of our program was
concerned mainly with the formation of three classes of target structures:
2-zlkoxy, 6-alkoxy, and 2,6-dialkoxy-4-amino-1,5-naphthyridine. Signi-
ficant accomplishments included: new synthetic techniques for the
preparation of §-alkoxy-4-anmiso-1,5-nash!avridines and for the introduction
of rhe pentaquine sidechain into alkoxy-l,5-naphthyridines.

The brunt of the second years program was the formation of 2-methoxy-
4-amino-1,5-naphthyridine derivatives, isosteric to primaquine, pentaquine,
and pamaquin. In addition, both the 6-methyl (alkoxy) and the 8-methyl
functionalities wecre desired because of their known activity enhancement
in the related 8-amir.o quinolines. Accordingly, the requisite 6- and
8-susstituted-2,4~-dichloro-1,5-naphthyridines were synthesized.

The terminal phase of the naphthyridine program yielded
authentic &4-amino-l-methyl-naphthyridin-2-one derivatives and a 2-6-dialkoxy-
4-amino~1%, 5-naphthyridine.

while antimalarial testing has not yet been completed, results
obtained for most of the target drugs submitted to WRAIR have disclosed
no significant prophylactic activity in the lower dosage range (1.0 and
3.0 mg/kg). However, one of the target structures, 2-hydroxy-~4-(5-isopropyl-
aminopentylamino)~1,5-naphthyridine, has now proven to be curative in the
Rhesus monkey infected with sporozoites of the B strain of P.cynomolgi
at a dosage level of 10.0 mg/kg. In the P.berghei/mouse, curative
screen to date, the targets showed only marginal activity and the sixty-
four variously substituted intermediates or precursors, no activity.
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2. INTRODUCTION

The drugs pressntly available for the treatment of malaria suffer
from two serious deficiencies. Firs:t, no single agent is suitable for all
purposes. Secondly, drug resistant strains of the parasite have evolved in
the early 1960's. Clearly, further developments in drug design must lead to
agents which possess pharmacologic and chemotherapeutic properties which are
superior to those preseutly available. The goals of new synthetic efforts
sust be directed ~oward the development of ageats which exhibit broad activity
against all life cycles of the parasite. In addition, they should possess
high potency, low toxicity, and a long duration of activity. Ideally, a
prophylactic drug is sought for the recently encountered drug resistant strains
of the malaria parasite.

With all of the above in mind, it is our contention that certain
4-amino-1,5-naphthyridines,
RHE~-R
&

5
ﬁ. N3
-\I P
N
8 1

should possess the desired prophylactic cnarscterixtics. Quinine, a classic
example of a specific chemotheraupeucic 2gent, jncorporates 2 quinoline ring
as a basic structural fragment. The quinoline nuclius has, therefors, sarved
as a template for biochemists in the design of a wide arrzy of candidate
antimalarial drugs. Of the many substitaent variatious effected upon the
quiroline nucleus, the 4-amino and 8-amino substituted analogs have e nibited
the greatest activity (1). In general, the 4~aminoquinolines, e.g., chloro-
quine, z:e schinzoptocidal agents which act at the asexual e~ 'throcytic 1life
cycle of the malaria parasite. By coatraat, the 8-aminoquinoli.es,-as typi-
fied by pamaquine, are gametocytocidal drugs which act against the sscondary
exoeyzhrocytic stages and thereby destroy the sexual forms of the human
malaizia .arasite (2). Derivatives of the 4-amino-1,5-naphthyridines should,
thervfore, =zhibit an enhanced antimalarial activity, since they are iso-
steres of both the 4~ and 8-aminoquinolines. This supposition has been
confirr 4 by an early report in the literaturc that 4-{4-diethylamino-l-
methylbutylamino)-1,5-naphthyridine,

CH3
NHCHCH, CH ,CH, N2 €,
ZANE
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wvas found to exhibit an antimalarial acrivity comparable to quinine itself
(3,4). Moreover, recent reports in the literature have disclosed nignifi-~
cant antimalarial activity for the 4-amino-l,5-naphthyridinzs which are
sutstizuced with alkoxy groups in *~th e 2- and 6-positions (2,5). In
our research, we sought to expand upon the derivatives of 4-aminn-1,5-
napathyridine currently available in an effort to preduce an optimum drug.
The results of our synthetic studies for this year are_fully discusged in
the text of this report.

The results of our previous synthetic studies are descrived in
two annual reports (6,7). The compounds are designated and reported
therein as follows:

NT RI NP Report Reference
1-19 1-41 1-43 6
20-23 42-72 4469 7

The structure of those compounds is shown within this report in pages
4 to 8 for the NT series; pages 19 to 23, NI series; and pages 32-43,
NP series.
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3. NAPHTHYRIDINE TARGETS SUBMITTEPD 4/1/73 - 6/30/75

The chemicel structures and our code designation for compounds
prepared and submitted to WRAIR for biological testing are shown below.
Where available, che Walter Reed bottle numbers appear in jurentheses below
our code. Structures not detailed in this report have beei referenced.

Naphthyridine Targets (NT-24-26)

Structure Cade No.
oy
NHCHCH,,CHoCH,NEt
n-Bud AN ,
z Ni-24
(BE 83502)
0
NHCH, CE»CR,CH,CH,NHCH (CH3) » CoH
2 oH
\ \\ * NT- 25
v N0
CHs OH

‘ NT
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Naphthyridine Targets (NT-1 through NT—19f

Structure
Ct3
4
NHCH(CE2)3NEt2
CH3(Ch2)30 7 l ~N
NS P
CH3
» \ -
NHCH(CH ,3b-Et2

N

CF,CH,0 -~ N

NS ~
N

JH(CHp) sNHCH(CH,)

<0
J
N\ ;\(/‘00513
(3 :
L AR(SE,) HEE (G,
YN
L | P
u’/\ocu3
Gy
s CH{C
o CH{CH)) N(ek,at),
~ AN
H
\ '/

N OH

s fret N Nt /o
N (Cil,) QNHCH(CH,)

Code No.

NI-1
(BD 26404)

NT-2
(BD 26413)

NT-3
(BD 26422)

NT-4
(BD 54711)

C
S

{BD 54720)

NT-6
(BD 54739)
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NH(CH,) NECH(CH ),
N
~ l N
SN
NE(CHZ)SNHCH(aiz)z
N
~ NN
CF,CH,0 |
e
X N
0
- v "
) NH(CH,) NHCE(CH ), -
A v
CF G102 N Ny O
I .2 |
~ ~ ~
N
04
CH3 9
thq(ca ) JN(CH, G, Cod
N
OH
e
CF3C“2°I:;“:3:T§E} 2 | H,0
NS Z
7
OH
m("ﬂ ) m{crx(m )
N
Cli a2 I
MKG&)‘MGKGI 3
CH,CH, 02
k/L/
NH(CH,) .NHCH(CH.) 2
) CH CH 1"
N 2°5 372 COH
CHJ /I N OH
.2
~ ~
N
H

NT-7
(BD 54748)

NT-8
(BD 54757)

NT-9
(BD 54766)

NT-10
(BD 54775)

NT-11
(BE 10y05)

NT-12
(BE 10974)

NT-13
(BE 10983)
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NH(CHZ)SNHCH(CR ) "
N 32 COH
CH ,CH, 0~ N oH
o 2 ()
N
0H
CH3
i
c&(cuz) N(CHZ Haty
CH 07//
1@
I
cu
] 3 0
NHCH(CH,, )~N(Cd CH.,) 1"
32 Foa
OH
<2
"
]
o4
0
OH n
N COCH
cx3a[f> ] NS 3
NN
CH
“H3
x thd(Cd2)3N(CH2Cd3)2
CH.,CH,,0 ’ AN
N
s 0
"
5 NHCH(CH,) FV(CH,CH,) COH
CH.CH,.0 -7 X on
372 , .2
NN

OH

v e e AT SRR T, Lo = T T

NT-14
(BE 10992)

NT-15
(BE 11006)

NT-16
(BE 11015)

NT-17
(BE 11024)

NT-18
(BE 13493)

NT-19
(BE 13500)
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Structure 2 Code Number
- COH
0 :
3 OH
CH.0 . _N : 2 NT-20
3V o ; X ok, .2 ]\ | -1/2 B0 (BE 17285)
' N
X~ § NHCH(CHg ) gN(CHyCH3) -
P o
Q
CF,CHO . N 3 ot
BTN ey .2 3} NT-21
| I 5 S (BE 17295)
XN\t 7" NHCH(CH,) 38 (CH,CH3) ;
oH
CH
v 3 ) 0
. L.{C'E{C:IZCHZCHZ-.'((.HZCHS)Z COd
Clig 127 Y7 AL NT-22
“ | P 2! (5E 67286)
N7 OCH; ol
0
0CH, COH
N i OH NT"23
CH430-¢7 AN .2 @ ‘1210 (BE 67295)
\ vy s - .o ]
N~ WHCH,, CHL,CH., CB, CH,, NECH (CH4) ot

- - — - T o m———— s

Naphthyridine Targets (NT-20 through NT-23){
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4. SYNTHESIS
The synthetic efforts in the 4~amino-1,5-nsphthyridine class of
antimalarials during the 3-month extemsion period have been directed toward,
e 2 4-amino-l-methyl-naphthyridin-2-ene
e a 2,6-diakoxy~4-amino-1,5-naphthyridine
e a .,5-naphthyridine with the primaquine sidechain

Biological rationale for these target derivatiges are adequately described
and referenced in our previous Annual Reports. 57

4.1 4-Amino-l-methyl-naphthyridin-2-ones

The synthetic entry into this class of potential antimalarials has
been realized according to the sequence depicted in Scheme 1. The infrared
spectrum of NT-25, as the P-resorcylate, is shown in Figure 1.

Scheme 1
1 1 1
+ N
-——-——*
Ny el XN o X o

H,N(CH,) gNHL~Pr

CH,CH,CHyCHyCHoNHCH(CH3) 9 o

OH

-y e x
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The above sequence of reactions was noted to be also applicable
to the synthesis of more complex naphthyridinones. The structure of this

target naphthyridinone, NT-26, is given below. The spectrum of NT-26 is
shown in Figure 2.

NHCHoCHpCH2CHoCHRNHCH (CH3) 2

CF4CH,0 § CO,H
oH
] =
SN 0 S l
t
CH, ox
NT~26

Concommitant with this mode of naphthyridinone synthesis attempts were
made to effect an N —3 O methyl migration of NI~70. This approach was
based on Cheng's® report that methyl migration may have occurred during
the preparation of NI-70 in acid media.

CHg

o THOR(CH)3NEE :
N

010 N
OMe b g O

NI-70 Me

Although N~——#»0 migrations in nitrogen heterocycles, including naphthridines
systems, are well documented thermolysis of NI-70, neat, in the presence

of p-toluenesulfonic acid, or novaldiamine hydrochloride at temperatures
up to 230°C were unrewarding.
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4.2 4-Amino-2,6-Dialkoxy-1,5-Naphthyridine

Previous efforts to introduce a basic diamino side chain at
the 4-position of 2,6-disubstituted naphthyridines were plagred by accompanying
loss of halide and alkoxy. Recently we found that aminolysis under less
rigorous conditions than previously employed permitted introdistion of the
anino gidecnain at the 4-position without the accompanying logs of alkoxy
group(s). The specific target structure having 2- and 6-position alkoxy
groups is NT-24. The spectrum of NT-24, as the free base is given in

Figure 3. This target compound was submitted for testing purposes as
the di-B-resorcylate.

iy .
)
.2 ;
N
OoH
NT-24

4.3 Primaquine Sidechain

The classical approach to introduction of the Primaquine sidechain,
namely alkylation of the 8-amino quinoline, has been previously mnoted by
us to be inoperative with 4-aminonaphthyridine7. The failure of this alkylation
step is explicable in terms of the poor nurleophilic character of the 4-
amino function resulting from the stroag electron witl:dvawing effect of
the waphthyridine ring nitrogen. Since aminolysis of 4-chloro naphthyridines
is & viable route attempts to pramsgze a terminaily blocked 1,4-diamino
pentane {primaquine sidechain) were made. To our knowledge such an inter-

mediate is unknown. +The route devised to produce the desired interm-diate
is shown in Scheme 2.

Scheme 2
0 o
" HBY "
CH3-CCHoCHyCHyOH ——~® CH3CCHyCH)CHoBT
K phthalamide
9 ¢ 9
CH3 0
"
HoN-C(CH,) 4~ <@ NH;0Ac CH3C (CHy) oN G,
NaBH3CN

0

The first two step:. occur in good yield giving isolable and characterigzable
products. The reductive ammination,® under a variety of conditions, failed.
Although spectral data indicated loss of the keto function and the appearance

of the primary amino group no single material could be inolatel by chromato-
graphic or other technique<.

v e
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5. EXPERIMENTAL

5.1 6~n-Butoxy-4-(4-diethylamino-1l-methylbutylamino)-2-
methoxy-~1, 5-napb -y~ 4ine di-B-resorcvlate [NT-24]

& mixtere of 3.7 g of 6-butoxy-4-chloro-2-methoxy-1,5-naphthyridine,
20 g of 4-diethy’aminc-l-methylbutyl amine, and 1.42g of K,CO3 were heated
at 140° for 2.5 lays. The cooled reaction was treated with 50 ml of 5N
NaOH, extracted with ether and dried. The ether and excess amine were
removed at reduced pressure and the dark amber residue chromatographed
through neutral alumina (activity grade 1). The starting naphthyridire
eluted with chloroform; NT-24 (free base) appeared in acetone and THF
eluates.

The free base of NT-24 was reacted with three equivalents of
B-resorcylic acid in ether, filtered and washed with large volumes of ether.
NT-24, mp = 80-3° was isolated as a white solid.

Anal caled for CqgH,gN;019: %“C, 62.07; 7H, 6.90; %N, 8.05. Found:
%C, 62.21; 7%, 7.13; 7N, 8.27.

5.2 4-(5-Isopropylaminopentylamino)-l-methyl-1,5-
naphthyridin-2-one 8-resorcylate (nr-25]

A mixture of 1.3z of 4~chloro-l-methyl-1,5-naphii;-idin-2-one
(NI-62), 5 g of 5-isopropylamino pentylamine, and 0.3g of copper-bronze was
stirred at 175° for 20 hrs. After removal of excess amine, at reduced pressure
the cesidue was dissolved in water, made strongly alkaline, and entracted
with ether. The dried ether solution was charcoal trzated, concentrated,
and added to 2g of B-resorcylic acid in a minimum of ether. The precipitated
product was filtered (very hydroscopic at this stage), quickly washed with
large volumes of ether, and vacuum dried. Recrystallization from metharol
yielded 1g of NT-25, mp - 194-6°.

Anal calcd for Co4H3oN40s: %C, 63.16; %H, 7.02; %N, 12.23. Found:
%C, 62.87; %H, 6.74; %N, 12.07.

5.3 4-(5-Isopropylaminopentylamino)-l-methyl-6-(2,2,2~trifluorcethoxy)-
1, 5-naphthyridin-2-one 8 resorcylate [NT-26)

4-Chloro-1-methyl-6-(2,2,2-trifluoroethoxy)~1,5-naphthyridin-
2-one was converted to NT-26 in the manner described for the preparation
of NT-25. The product was isolated as an off-white powder mp = 200-1" (MeOH).

Anal caled for CygH33F3aN4Gg: % C, 56.32; % H, 5.96; % N,
10.11: Found: % C, 56.51; % H, 5.35; % N, 10.04

BN WG e ™)

SR L aMAMZE Y

— s b

"~

canhna

e

R SRR S GHDIII S DI SN

IV JRur N,

3
&
g
{
3
¢
L
4
i
|
M
i
i
i
4
]
1




- 17 -

5.4 4-Chloro-2-hydroxy-6-(2,2,2-triflucroethoxy)-1,
5-naphthyridine [HI-73]

2, 4-Dichloro-6-(2,2, 2-trifluoroethoxy)-1, S~nephthyridine was
converted to the title compound in 257 via the procedure reported for the
preparation of NI-17. up = 233-5" (EtOH-H0) -

5.5 4-Chloro~l-methyl-6-(2,2,2-trifluorcethoxy)-1,
5-naphthridin-2-one [NI-74]

Methylation of NI-73 was effected in the manner detailed for
NI-62 in 407 yield. Mp = 139-140° (heptane).

Anal caled for CyjHgCIF3N90y. % C, 45.20; 7H, 2.74; 7N, 9.59:
Found: %C 45.28; 7H, 2.97; %N, 9.85

5.6 5-Bromo-2-pentanone [Np-707]

To a cooled solution of 100 ml of conceatrated HySO, and 200 mi
of 487 HBr was added, dropwise, 100.5 g of 5-hydroxy-2-pentanone. After
stirring at ambient temperature overnight the reaction was extracted withn
ether and the ether backwashed with dilute NaHCO3, dried, and distilled.

The titlad compound was isolated in 71% yield, bjs mm = 78-80° (lit,?
b16 = 83'50) .

5.7 l-Phthalamido-4-pentanone [NP-71]

Potassium phthalamide (305 g) and 137 g of 5-bromo-2-pentanone
were stirred and heated, at reflux, in 825 ml of dimetbylformamide for 4 heurs.
The cooled reaction was diluted with three volumes of water and extracted
with 3 x 500 ml of benzene. The benzene was evaporated and the residue
recrystallized from MeOH/H,0. Mp 73-74” (b33 mm = 169-1737).

Aral calcd for C13H3Ny03: % C, 67.50; % H, 5.62; % N, 6.06.
Found: % C, 67.52, % H, 5.84; % N, 6.00.
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7. APPENDICES
7.1 Naphthyridine Intermedistes (NI-73-74)
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Naphthyridine Intermediates (NI-42 through NI--72)7

Code Number 1

Scructure -_ E
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7.3 Neaphthyridine Precursors (NP-70-71)
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Naphthyridine Precursors (N2-44 through NP-69)7
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7.5 Biological Activity Data

Test results in the Rhesus monkey imfected with sporozoites of the
B strain of P. cynomolgi have been obtained for most of the target drugs which
have been submitted to WRAIR. In general, no significant prophylactic activity
has been observed in the Rhesus monkey in the lower dosage range (1 mg/kg).
However, one target compound, 2-hydroxy-4-(5-isopropylaminopentylamino)-1,5~
naphthyridine (NI-7), continues to afford protection after more than seventy
days at a dosage level of 10 mg/kg.

NH(CHZ) SNHCH(CH3) 2
A N
! (NT-7)

N H

While biologic testing data are not yet complete in the P..berghei/mouse
curative screen (10), we have included below a summary of the activity data
received to date.

Compound Activity (T-C)
Code No. WRAIR No. 10 mg 20 40 80 169 320 640
NY-2 BD 26413 0.2 6.2 1.2 2.8 5.2 9.2
NT-4 BD 54711 0.1 0.3 0.9(2)
NT-5 BD 54720 0.1 0.1 0.1
NT-6 BD 54739 0.1 0.1 0.3
NT-8 ED 54757 0.3 0.3 2.9 3.7 5.9 7.9(2)
KT-9 BD 54766 0.1 0.5 2.1 4.1 6.9 8.9
NT-10 BD 54775 0.1 0.1 0.3
NT-13 BE 10983 0.5 0.7 1.7 3.7 4.5 0.0(5)
nr-14 BE 10992 0.3 0.0(5) 0.3(5)
NT-15 BE 11006 0.1 0.3 0.3 0.5 2.5 5.3
NT-17 BE 11024 0.3 0.4(1) 0.6(5)
NT-19 BE 13500 0.3 0.5 0.0(5)
NT-20 BE 17286 0.3 0.5 0.0(5)
NT-21 BE 17295 0.3 0.7 1.1

In addition, NP-18 through NP-50 and NI-17 through NI-49 (excluding NI-26
and NI-33) have also been tested in the therapeutic screen at dosage levels of
40, 160 and 640 mg/kg. None of these precursors and intermediates exhibited a
T7-C in excess of 1.0 day at any dosage level.



